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Use of finite element analysis results 
in a future fitness-for-service 


A low-pressure separator with 139-in. (inner diameter) x 
0.59-in. thickness was found to have severe external thinning 
due to corrosion under fire (CUF) proofing. Cracks in the 
fireproofing, marine environment and the age of the vessel 
all led to CUF at multiple locations. The gravity of damage 
became clear when fire proofing was removed at one area for 
online inspection. 

The separator was a carbon steel vessel designed to 174 psig 
at 230°F (llO°C) per ASME Section VIII-2, 1988. A Level 2 
fitness for service (FFS) assessment carried out at the first area 
inspected did not pass the assessment for local thin area (LTA) 
as per rules in Part 5 of API 579-1. 

Parallel to inspection efforts, a Level 3 FFS assessment was 
performed to determine the lowest minimum uniform thick¬ 
ness (t min ) required to meet the vessel’s maximum allowable 
working pressure (MAWP) of 174 psig. This article discusses 
how the results of the Level 3 assessments were used to draw 
conclusions from subsequent Level 2 LTA assessments. 

Level 3 FFS results. A finite element analysis (FEA) using 
elastic plastic analysis methodology was used for a plastic col¬ 
lapse analysis. This adhered to the rules of Level 3 FFS in API 
579-1. The limiting load combination was Load Case 1 from 
Table 2D.4 of API 579-1 (Eq. l): 

(3(P + Ps + D) (1) 

where: 

P = pressure, 

Ps = static head 

D = dead weight 

P (the loading factor) = Factor safety in the Code x 
RSFa = 3 x 0.9 = 2.7. 

A plastic collapse analysis passed with a load factor of 2.71 
for a uniform thickness of 0.45 in. Accordingly, the t min was 0.45 
in. Future corrosion allowance is not included in the t Illln . Note: 
Since nozzle loads were negligible, the remaining strength fac¬ 
tor (RSF) determined by the Level 3 assessment was deemed 
valid for all LTAs. 

Inspection data. Thickness data on multiple corroded areas 
were gathered. The LTAs were divided into longitudinal and 
circumferential grids spaced at 1 in. each. Thickness readings 
were taken at all the grid intersections. Each LTA was evaluated 
separately, using Part 5 rules of API 579-1. 

RSF. RSF is defined as the ratio of the collapse pressure of a 
damaged component to the collapse pressure of an undamaged 


component. In a Part 5 analysis, a longitudinal thickness profile 
(LTP) was used to determine RSF. RSF is a number that repre¬ 
sents the area loss for the longitudinal extent of the flaw. Stress 
magnitude is not a part of RSF. 

Level 2 FFS. Results of the FFS assessment on one LTA with a 
future corrosion allowance (FCA) of 0.03 in. is provided: 

• Undamaged MAWP: 183.9 psig 

• Damaged MAWP: 167.3 psig 
. RSF: 0.819. 

If this was considered as a standalone assessment, it failed the 
FFS due to the following reasons: 

1. MAWP calculated for the damaged area was 167.3 psig, 
which is lower than the required MAWP of 174 psig. 

2. The area of thinning was near major structural 
discontinuity. Part-5 assessment was not valid near 
major structural discontinuities. This LTA was close 
to a nozzle, which was a major structural discontinuity. 

Note: The RSF will be higher if FCA was set as zero. 

Combining results of Level 3 and Level 2 FFS. Level 3 FFS 
passed for a t mm of 0.45 in. The strength ratio can be equated to 
the thickness ratio; therefore, RSF = 0.45/0.59 = 0.763. Since 
this was the minimum RSF to pass FFS, it is referred to as RSF- 
min . Individual LTAs can be evaluated using Part 5 Level 2 FFS, 
applying the criterion of meeting the RSF llim . 

The Level 2 assessment results indicated an RSF of 0.819, 
which was greater than 0.763. Therefore, combining the results 
of Level 2 and Level 3, the corroded area passed assessment. 
This is treated as a Level 3 assessment. 

Conclusions drawn from Level 2 FFS against an RSF min 
of 0.763 were finally verified by an FEA that modeled all the 
thinned areas. It passed the FEA. Corrosion mitigations have 
been implemented; however, if corrosion occurs in the future, 
the plan is to use Level 2 assessment to draw conclusions based 
on meeting the RSF min of 0.763. 

Takeaway. The retirement thickness t min is universally used 
to make an initial call for FFS. The mean thickness along the 
longitudinal plane for the thickness averaging length is usu¬ 
ally compared to t min to make retirement decisions in a Level 
2 assessment. RSF^ is a better measure and is more likely to 
pass FFS, as verified in this example. Using previously estimat¬ 
ed RSF min using an FEA eliminates the repetition of FEA for 
LTAs that failed standalone Level 2 assessments. However, this 
methodology is not recommended for external pressure design 
where the failure mode is buckling. HP 
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